大域的収束性を持つ代数方程式の新しい解法 (数式処理における理論と応用の研究) by 鈴木, 智博 & 鈴木, 俊夫
Title大域的収束性を持つ代数方程式の新しい解法 (数式処理における理論と応用の研究)
Author(s)鈴木, 智博; 鈴木, 俊夫















$f(z)$ $=$ $z^{n}+a_{1}Z^{n}-1+\cdots+a_{n}$ $(a_{n}\neq 0)$ (1)
$=$ $\prod_{k=1}^{s}(_{\mathcal{Z}z_{k}}-)^{n}k$ (2)
$f$ : $Carrow C_{\text{ }}z,$ $a_{k}\in C_{\text{ }}n_{k}\in Z$ $z_{k}\in C$
$\Gamma$
$\Gamma$ (1) $N\in Z$
$N= \frac{1}{2\pi i}\oint_{\Gamma}\frac{f’(_{Z)}}{f(z)}d_{Z}$ (3)
$\Gamma$ $\lambda\in C_{\text{ }}$ $\tau\in R$ $m$
$x_{j}=\lambda+\tau e^{i\theta j}(j=0, \cdots, m-1, \theta=2\pi/m)$ (3)
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Riemann
$N \simeq\frac{1}{2\pi i}\sum_{j=0}^{m-1}\frac{f’(x_{j})}{f(x_{j})}(_{X_{jj}}+1^{-x})=\frac{\tau}{m}\sum_{j=0}^{m-1}\frac{f’(\lambda+\tau e)i\theta j}{f(\lambda+\tau ej)i\theta}e^{i\theta}j$ (4)
$T(\lambda, \mathcal{T}, m)$
$T( \lambda, \tau, m)=\frac{\tau}{m}\sum_{j=0}^{m-1}\frac{f’(\lambda+\tau e)i\theta j}{f(\lambda+\tau ej)i\theta}e^{i\theta}j$ (5)
(5) (NIEM)
3 NIEM
$\nu_{k}=z_{k}-\lambda(k=1, \cdots, s)\in C$ [5]
1 $k(=1, \cdots, s)$ $\tau^{m}\neq\nu_{k}^{m}$ $T$



















Newton ((5) (9) )
$\tau<|\nu_{1}|$ (11)
4





$R(n, \lambda)$ $=$ $\min(n|f(\lambda)/f’(\lambda)|, |f(\lambda)|^{\frac{1}{\mathrm{n}}})$
$C(T, q_{j})$ $=$ $\{$
$( \Re(T)-\frac{1}{1-q_{j}^{2}})^{2}+^{\alpha}S(\tau)^{2}-|\frac{q_{j}}{1-q_{\mathrm{j}}^{2}}|^{2}$ $q_{j}\neq 1$
$0.5-\mathrm{j}\Re(\tau)$ $q_{j}=1$
$\text{ }U(\lambda, \tau)$ $\lambda_{\text{ }}$ $\tau$
4 (Globally Convergent NIEM $k$ ( ))
$(\mathrm{s}\mathrm{t}\mathrm{e}_{\mathrm{P})}\mathrm{o} r=R(n, \lambda^{(}k))_{\text{ }}T=T(\lambda^{(}k),$ $r,$ $3)$ $p=[|T|]+1_{\text{ }}\tau_{\max}=r_{\text{ }}\tau_{\min}=0_{\text{ }}$
$\tau=r/n_{\text{ }}m=5$
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(stepl) $U(\lambda^{(k)}, \mathcal{T})$ $\tau_{\max}=\mathcal{T}_{\text{ }}\tau=(\tau_{\max}+\tau_{\min})/2$
$U(\lambda^{(k)}, \tau)$
(step2) $T=\tau(\lambda^{()}k, \mathcal{T}, m)$ $C(T, q_{1})>0$ $\tau_{\max}=\tau_{\text{ }}\tau=(\tau_{\max}+5\tau_{\min})/6$
$C(T, q_{2})>0$ $\tau_{\min}=\tau_{\text{ }}\tau=(\tau_{\max}+\tau_{\min})/2$ $T$
(step3) $((T-n_{1})/\tau)$ $pm$ $x_{j}^{n_{1}}(j=1, \cdots, m, n_{1}=1, \cdots,p)$
(step4) $x_{j}^{n_{1}}$ $|f(\lambda^{(k)}+\tau x_{j}^{n_{1}})|$ $x$ $|f(\lambda^{(k)}+\tau x)|<$
$\alpha|f(\lambda^{(k}))|$ $\lambda^{(k+1}$ ) $=\lambda^{(k)}+\tau x$ $k$ $\tau=\sqrt{\tau}\text{ }$
$m=2m$ (stepl)
5(stepl) Schur-Cohn [31 $U(\lambda, R(n, \lambda))$
– $I^{l}\mathit{1}0$
$61<q_{2}’<q_{2}$ $n_{1}>1$ $n_{1}(q_{2}’+1)>q_{2}+1$









$s<1$ ( $\mathrm{s}\mathrm{t}\mathrm{e}_{\mathrm{P}^{4)}}$ $|f(\lambda^{(k)}+\tau x)|<\alpha|f(\lambda^{()}k)|$
$|\tau x-\mathcal{U}1|<|\nu_{1}|$ $\lambda^{(k)}+\tau x$ ( $z_{1}$
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7 (Globally Convergent NIEM $k$ ( ))
$(\mathrm{s}\mathrm{t}\mathrm{e}_{\mathrm{P}}\mathrm{O})$ $r=R(n, \lambda^{(}k))_{\text{ }}\tau_{\max}=r_{\text{ }}\tau_{\min}=0_{\text{ }}\tau=r/n_{\text{ }}m=5$
(stepl) $T=T(\lambda^{(k}),$ $\tau,$ $m)$ $C(T, q_{1})>0$ $\tau_{\max}=\tau_{\text{ }}\tau=(\tau_{\max}+5\tau_{\min})/6$
$C(T, q_{2})>0$ $l\mathrm{f}\tau_{\min}=\tau_{\text{ }}\tau=(\tau_{\max}+\tau_{\min})/2$ $T$
(step2) $((T-1)/T)^{\frac{1}{m}}$ $m$ $(j=1, \cdots, m)$
$(\mathrm{s}\mathrm{t}\mathrm{e}\mathrm{p}3)X_{j}$ $|f(\lambda^{(k)}+\mathcal{T}X_{j})|$ $x$ $|f(\lambda(k)+\tau x)|<\alpha|f(\lambda^{(k}))|$






$c_{l}(l=0, \cdots, n)$ $k$ $z^{(k)}$
$f$ Taylor $0<\beta<1_{\text{ }}\lambda>1$
8( $k$ ( ))
(stepl) $c_{l}(l=0, \cdots, n)$ $\mu=1$
(step2) $\zeta\iota=(-\mu c_{n}/c_{n-\iota})^{\frac{1}{l}}(l=1, \cdots , n)$
(step3) $|(\iota|$ $l(1\leq l\leq n)$ $m$





10 ( $k$ ( ))




(stepl) $K\leq n$ $c_{n-K}$ $\mathrm{C}_{K}=(-\mu c_{n}/c_{n-K})^{\frac{1}{K}}$
(step2) $\zeta_{l}=\zeta\iota/\lambda^{\frac{1}{l}}(l=1, \cdots, K-1)$ $K>n$ $K=n$
($s$tep3) $|\zeta_{l}|$ $l(1\leq l\leq K)$ $m$







Intel Pentium $\mathrm{I}\mathrm{I}\mathrm{I}800\mathrm{M}\mathrm{H}\mathrm{Z}$ $1_{\text{ }}2$ 3 400
NIEM $q_{1}=0.8_{\text{ }}q_{2}=1000_{\text{ }}\alpha=0.9_{\text{ }}$
$q_{1}=1_{\text{ }}q_{2}=10\mathrm{o}\mathrm{o}0_{\text{ }}\alpha=0.9$ $\beta=3/4_{\text{ }}\lambda=2$
6.1 1(Newton )






NIEM – $f_{\text{ }}f’$ $m$
NIEM 2/3
6.2 2( ( ) )





( ) 1 $m=20_{\text{ }}\mu=1$ 1





100 1000 (k) (time $[\sec]$ )
TO. 3000 $[\sec]$ $0_{\text{ }}$
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